Electromagnetic shielding effectiveness of cement powder mixed with graphite for mitigation against electromagnetic interference by Yee, See Khee
ELECTROMAGNETIC SHIELDING EFFECTIVENESS OF CEMENT POWDER 
MIXED WITH GRAPHITE FOR MITIGATION AGAINST 
ELECTROMAGNETIC rNTERFErnCE 
YEE SEE KHEE 
A thesis sybrnigd in 
fulfillment of the requirement for the award of the 
Dsstor of Philp_sapfry 
Faculty of Electrical and Electronic Engineering 
Universiti Tun Hussein Onn Malaysia 
ABSTRACT 
The potentially harmful impacts of electromagnetic interference @MI) on the safe 
operation of electronic and electrical equipment are drawing serious attention due to 
reliance on electrical and electronic devices in telecommunication, mobile phone 
networks, radar systems, banking, public defence, and others. Em induces unwanted 
voltage and currents on the victim device, thus affecting the performance of the 
devices. Electromagnetic shielding which is commonly applied as the last resort in 
reducing the radiated emission h r n  digital circuibies is switching its territory to 
building construction in an attempt to provide similar benefits to the sensitive and 
critical equipment inside the building. It is reported that concrete constructed with 
different weight h t i o n s  of material, moisture content (MC), and the effect of 
reinforcement bar will produce different shielding effectiveness (SE). The 
parameters that determine the SE of building materials include their dielectric 
constant, loss tangent and relative permeability. These parameters can be obtained 
based on dielectric measurement. Dielectric measurements need to be repeated when 
the composition of the building material changes. In this work, the SE of cement 
powder with additional additives, such as graphite powder, iron powder and nickel- 
zinc ferrite powder were investigated. It has been found that dielectric constant 
determines the trend.of the reflection loss as it plays significant roles in establishing 
the characteristic impedance of the material. On the other hand, absorption loss and 
multipIe reflection loss are more dependent on the thickness of material. Based on 
the results, it is recognised that graphite powder is an efficient and practical additive 
in enhancing the SE of cement power compared with others. Cement-graphite 
powder provides more than 60 dB of shielding in between 200 MHz to 2000 MHz 
when the percentage ofthe graphite powder in the mixture is 30% and the thickness 
is 10 cm. Novel predictions, which are based on the neural network and piece-wise 
fitting has been proposed to predict the SE of cement-graphite mixture with different 
percentages of graphite powder. SE predictions which are based on piece-wise fitting 
and neural network produces 1.94 dB and 0.029 dB of error at 900 MHz and 1800 
hfI-h respectively when it is used to predict the SE of cement-graphite that contains a 
17% of graphite in between 100 MHz to 2000 MHz. In summary, this research 
investigates the effect of different additives on the SE of cement powder. The 
prediction based on the neural network indicates a sample with a thickness of 7 cm 
and 30% graphite is able to provide above 40 dB of shielding ranging between 100 
MHz and 2000 MHz. Such prediction can be anticipated for implementation in 
building construction design. 
Gangguan elektromagnet @MI) telah menarik perhatian yang serius memandangkan 
terdapat pergantungan terhadap alatan elektrik dan elektronik di bidang 
telekomunikasi, rangkaian telefon mudah alih, sistem radar, perbankan, pertahanan 
awarn d m  lain-lain. EM1 menghasilkan arus yang tidak diingini pada aiatan mangsa 
tersebut dan seterusnya menjejaskan prestasi alatan itu. Perisaian elektromagnet yang 
biasa digunakan dalam mengurangkan kesan radiasi daripada litar-litar digital mulai 
digunapakai dalam bidang pembinaan bangunan supaya ia boleh memberikan 
maanfaat yang sama kepada alatan yang sensitif dan kritikal di dalam bangunan. 
Adalah dilaporkan bahawa ko&t yang dihasilkan dengan peibagai pecahan berat 
bahan-bahan, kandungan lembapan (MC), dan kesan batang penetulang akan 
memberikan keberkesanan perisaian (SE) yang berbeza. Parameter-parameter yang 
menentukan SE bagi bahan biaan termasuklah pemalar dielektrik, tangent 
kehilangan dan kebolehtelapan nisbi. Parameter-parameter tersebut boleh didapati 
daripada pengukuran dielehrik. Pengukuran dieleldrik M peilu diuiangi apabila 
terdapat perubahan pada komposisi bahan binaan. Dalam penyelidikan ini, SE bagi 
serbuk simen yang dicampurkan dengan bahan tarnbahan seperti serbuk grafit, 
serbuk besi dan serbuk nikel-zink ferit telah dikaji. Adalah didapati bahawa, pemalar 
dielektrik menentukan trend bagi kehilangan pantulan kerana ia memainkan peranan 
yang penting dalarn pengiraan galangan ciri sesuatu bahan. Sebaiiknya, kehilangan 
penyerapan dan kehilangan pelbagai pantulan adalah lebih bergantung kepada 
ketebalan bahan itu. Berdasarkan kepada keputusan, didapati serbuk grafit 
merupakan bahan tambahan yang cekap dalarn meningkatkan SE bagi serbuk simen 
sekiranya dibandingkan dengan serbuk tambahan yang lain. Serbuk ~ i m e n - ~ t  
memberikan SE yang melebihi 60 dB di antara 200 hd& to %GO hi& apabiia 
peratusan serbuk grafit ialah 30% dan ketebalan ialah 10 cm. Ramalan novel yang 
berdasarkan rangkaian neural dan kelengkapan secebis telah dicadangkan untuk 
meramalkan SE bagi campuran simen-grafit yang mengandungi pelbagai peratusan 
grafit. Ramalan SE yang berdasarkan kelengkapan secebis dan rangkaian neural telah 
menghasilkan rdat sebanyak 1.94 dB and 0.029 dB pada 900 dan 1800 
masing-masing apabila digunakan untuk meramal SE bagi camputan simen-gmfit 
yang mengandungi 17% grafit di antara 200 MHz to 2000 M H i .  Rarnalan yang 
berdasarkan rangkaian neural menunjukkan sarnpel yang mempunyai ketebalan 7 cm 
dan mengandungi 30% grafit berupaya untuk memberikan perisaian lebih daripada 
40; dB di antara 100 and ZOO0 hi&. Ramalan h i  dijangka bakal digunakan 
dalarn reka bentuk pembinaan bangunan. 
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